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ABSTRACT 
The examination and processing of sexual assault evidence within 
the forensic science community has presented many challenges. Sexual 
assault evidence is often submitted as a heterogeneous mixture that 
requires separation of cell types for further analysis. The utilization of 
differential extractions provides a separation technique based on 
structural differences between epithelial cells (E-cells) and spermatozoa.  
Differential extraction does not separate cell types completely, as 
there may be carry over in both fractions. A protocol using several 
proteases was designed to separate cell types, making use of structural 
differences between spermatozoa and epithelial cells.  
The purpose of this study included optimizing the protease 
extraction process to produce the greatest DNA yield with focus on the 
following variables: concentration of enzymes, concentration of semen, 
(plus/ minus) addition of the ZyGEM Buffer BLUE, addition of proteases 
vi 
together or separately at the start of the thermal cycler program, 
reduction of final reaction volume, and digestion time of both enzymes.  
When initiated, the total process to prepare DNA from sperm was 
90 minutes; this time was reduced to 45 minutes. The protocol is capable 
of use over a wide range of semen concentrations; a final serial dilution 
including 9 concentrations ranging from 1:50 to 1:3200 was prepared 
with DNA extracted from each concentration. For this protocol to be 
further utilized the epithelial cell digest optimization is also needed.  
An additional concern when processing sexual assault evidence is 
the ability to locate spermatozoa quickly and efficiently after their 
separation from the evidentiary substrate. Of the numerous cytological 
and immunohistochemical staining protocols it is important to find a 
quick and efficient way to fluoresce sperm heads. The current fluorescent 
techniques require many wash steps with long incubation times.  
Using digitonin, tris(2-carboxyethyl)phosphine (TCEP), and the 
thiol-reactive probe N-(7-Dimenthylamino-4-Methylcoumarin-3-yl)) 
Maleimide (DACM), a tentative protocol for fluorescently labeling sperm 
heads has been produced. Future work with this protocol will include 
optimization of the reagent concentrations, time of incubation, and 
sufficient control of sperm pelleting through the entirety of the 
procedure.  
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1. INTRODUCTION 
Within the forensic science community the identification, location, 
and extraction of pertinent information from evidence submitted during 
the course of a crime is a necessity. In cases where a sexual assault is 
suspected the most telling piece of evidence collected is spermatozoa. The 
presence of sperm on an item from the victim may be the only 
confirmation that a sexual act has occurred. Once the spermatozoa have 
been located and identified the evidence is submitted for 
deoxyribonucleic acid (DNA) testing so that a profile can be obtained. In 
order to obtain a DNA profile, first DNA must be extracted from the 
sperm nuclei. This process must be efficient with sufficient yield for 
quantification, amplification, followed by capillary electrophoresis.  
 
1.1 Semen Extraction  
 In the forensic laboratory the cells are present in either a 
homogenous mixture or a heterogeneous mixture. When analyzing sexual 
assault evidence, the evidence is generally a heterogeneous mixture 
containing both spermatozoa and epithelial cells (E-cells). This mixture 
causes the DNA profiles (electropherograms or e-grams) to be 
complicated to interpret and analyze. E-cells, often from the victim, are 
present in abundance. This overwhelming number of cells can produce a 
skewed number of amplicons during the polymerase chain reaction (PCR) 
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amplification process causing the sperm cell DNA to be masked when the 
e-grams are analyzed. Analysis becomes complicated further when 
mixtures contain shared alleles or alleles that have dropped out.  
In a traditional two-person mixture a maximum of four alleles, 
represented as four peaks on the e-gram, are present. When a mixture 
contains two individuals that have the same alleles at a locus, it causes 
the number of peaks on the e-grams to decrease. Four peaks with no 
shared alleles can be decreased to three, two, or one peak. A decrease in 
peaks present in the e-gram leads to confusion for the analyst about the 
number of contributors to the sample, generally leading to under-
representation.  
Similar in appearance to shared alleles, drop out results in the 
reduction of four alleles at a locus to three, two, or one peak. Allele drop 
out occurs when the amplification product is either in low enough 
quantity that it does not reach the interpretation threshold or a null 
allele may result from a mutation within the primer binding sequence 
causing a reduction or total absence of amplification product. These drop 
out occurrences draw into question the number of contributors in the 
sample. When a mixture contains shared alleles, it becomes vital to 
discover a way to separate the cell types. In sexual assault cases, 
simplifying the evidence can occur using a differential extraction 
pioneered by Gill et. al.1  
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A differential extraction utilizes the structural differences between 
E-cells and sperm cells to preferentially lyse the two cell types resulting 
in two isolated fractions. A differential extraction first focuses on the 
addition of a solution that will lyse E-cells, causing the DNA to come into 
solution. When the DNA comes into solution a centrifugation step will 
separate the lighter DNA solution from the heavier, intact sperm cells.  
E-cells are lysed by the addition of a buffered solution that 
contains the detergent ethylenediaminetetraacetic acid (EDTA), sodium 
dodecyl sulfate (SDS), and proteinase K (PK) to the sample. The tube is 
then centrifuged and the supernatant containing E-cell DNA is pipetted 
off (this is called the non-sperm or E-cell fraction). The sperm cells 
remain pelleted at the bottom of the tube. The sperm pellet is then 
resuspended in the buffered solution described above with the addition 
of a reducing agent, historically dithiothreitol (DTT) (Figure 1). The 
addition of DTT reduces the disulfide bonds within the sperm nucleus 
causing sperm cell lysis. DNA from within the sperm nuclei is now in 
solution and can be frozen or further processed for quantification, 
amplification, and capillary electrophoresis.1,2,3 
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Figure 1. Schematic of a standard differential extraction 
procedure.1 
 
 
1.1.1 Historical Cell Separation Techniques 
Differential extractions provide an expedient and efficient way to 
separate cell types. However, this process has its flaws and incomplete 
separation is often encountered. Incomplete separation includes both E-
cell DNA found within the sperm fraction and sperm cell DNA found in 
the E-cell fraction. Other techniques have been devised in order to 
separate cell types in a more sophisticated manner. These techniques 
can be found not only in forensics but also in other areas of science.  
Flow cytometry is a separation technique that sends labeled cells in a 
single layer past a laser source. The laser excites the labeled cells 
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allowing information to be gathered from the label used. This technique 
allows for separation based on size, shape, and other separating factors.4 
Gillan et. al, reviewed the uses for flow cytometry in evaluating semen 
parameters and the effect they may have on fertility issues.4 These 
techniques were also used to differentiate between E-cells and 
spermatozoa in a paper published by Schoell et. al.5 They utilized the 
differences in “cell size and shape, surface phenotype, cytoplasm, and 
ploidy” for separation.5 Additionally, Perticarari et. al used flow cytometry 
to assess sperm concentration, viability, apoptosis, and leukocyte 
concentration in ejaculated sperm to look at sperm viability in couples 
with infertility.6  
Another sophisticated separation technique is Laser Capture 
Microdissection (LCM) and Laser Microdissection (LMD). In these 
techniques a laser is used to separate specific cells from other cell types 
found on specifically coated glass slides so the laser can cut around the 
cell of choice.7 Once separated from the mixture on the slide, testing can 
be specifically targeted to the cell type being tested.  
Flow cytometry, LCM, and LMD provide highly specific and effective 
ways to separate spermatozoa and other cell types. The downfall of these 
methods is that they are expensive and require extensive training to 
operate the equipment. Due to this, they are used in difficult cases with 
few sperm or in research situations where the funds can be allotted.4–7 
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Efficient, simple, cost effective techniques are still being developed and 
perfected to reduce the amount of DNA lost and to increase the 
separation for more straight forward analysis of electropherogram data.   
 
1.1.1.1 Direct lysis protocols 
 In an effort to decrease the amount of DNA lost during the 
extraction process, there has been a move to investigate direct lysis 
protocols where the lysing agent is added directly to the tube. In these 
protocols the addition of the lysing agent directly to the sample negates 
the necessity to remove the supernatant which can result in a loss of the 
sample.8 This is true both in and out of the forensic community. A study 
by Kotlowski et. al looked at the direct lysis of Mycobacterium ulcerans 
with the use of sarcosyl in the lysis buffer in preparation for DNA 
analysis.9 The addition of sarcosyl prevented the M. ulcerans from 
forming clumps that can cause difficulties in the extraction process. The 
sarcosyl-containing lysis buffer resulted in no loss of sample and allowed 
for testing to continue directly to PCR without removal of the detergent.9  
In a review by Svec et. al, an evaluation of 17 direct cell lysis 
protocols focused on “transcript yield and compatibility with downstream 
reverse transcription quantitative real-time PCR”.8 These direct lysis 
procedures investigate the use of lysis agents that do not inhibit 
downstream processes and can remain in solution. The buffers 
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investigated were tested for their yield, reproducibility and ribonucleic 
acid (RNA) stability.8 As described in the review, direct lysis protocols 
should reproducibly generate high yields of stable DNA.  
Direct lysis is also being performed without the use of lysis 
reagents. So et. al have created a device that provides mechanical lysis 
using sharp-tipped nanowires.10 Following mechanical cell lysis the 
solution is allowed to flow through a silica-based column in the presence 
of a binding buffer containing chaotropic salts. These salts cause free 
DNA to bind to the silica column while proteins are washed out of the 
device. The purified DNA can then be eluted from the column and used 
for downstream processing.10  
 
1.1.2 Trypsin and forensicGEM® 
During spermiogenesis, sperm nuclei undergo a change in 
packaging that produces a more compact structure to transport the 
genetic information contained inside the sperm nucleus. For this to 
occur, DNA packaging changes from histones to protamines. Classical 
histone packaging packages DNA into a nucleosome. Nucleosomes 
contain DNA wrapped twice around a histone octamer containing two 
each of the histones H2A, H2B, H3, and H4. An additional histone H1 is 
used as a linker to bind nucleosomes and DNA to package the chromatin 
more tightly. Nucleosomes are then packaged into a solenoid which folds 
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into solenoid loops, tightly packaging somatic DNA.11,12 Within 
spermatozoa, protamines gradually replace histones that condense the 
DNA packaging further.11 Human spermatozoa contain two protamines, 
P1 and P2; the removal of either is detrimental to the sperm.11 The 
sequence of these protamines can be found in Figure 2.13  
 
Figure 2. Sequences of Human Protamines P1 and P2. Amino Acid 
abbreviations: Arginine (Arg), Threonine (Thr), Histidine (His), Glycine 
(Gly), Glutamine (Gln), Serine (Ser), Tyrosine (Tyr), Cysteine (Cys), 
Leucine (Leu), Isoleucine (Ile), Lysine (Lys), Alanine (Ala), Methionine 
(Met), Proline (Pro). Arginine residues are colored blue, lysine residues 
are colored green. 13 
 
Trypsin is the protease of choice in many proteomic studies due to 
its ability to cleave specifically at the C-terminal site of arginine and 
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lysine residues.14,15 Figure 2 shows the placement of the trypsin cut sites 
within each protamine. In an attempt to increase the DNA yield of a 
differential extraction, a multi-enzyme, direct lysis extraction technique 
was developed.16 This technique utilizes forensicGEM® (ZyGEM) and 
trypsin. ZyGEM can be used in the forensic laboratory to extract DNA 
from E-cells found from buccal swabs, blood, and saliva stains but it is 
not effective in lysing sperm cells.17 The addition of trypsin following the 
removal of a lysed E-cell fraction causes the spermatozoa to lyse leaving 
two separated fractions.16 Figure 3 shows a schematic of the entire 
trypsin/ZyGEM differential extraction procedure. It was determined that 
Zygem should be added again after trypsin digestion to inactivate the 
trypsin so it does not interfere with the PCR polymerase required in 
quantification and amplification.16,18 
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Figure 3. Schematic of the Trypsin/ZyGEM differential 
extraction.16,18 
  
1.1.2.1 Previous Research on the use of trypsin/ZyGEM in a Direct Lysis 
Procedure 
Within the Boston University Biomedical Forensic Sciences 
program, there have been several students that have worked on the 
trypsin/ZyGEM extraction procedure. First came the development of the 
procedure by Fisher16, followed by the success of the procedure utilizing 
cotton swabs by Taveria18, and an attempt to complete a full 
differential.19 This work has shown encouraging results when compared 
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to traditional differential extractions. When compare to traditional PK-
DTT extraction methods trypsin/ZyGEM showed almost a 2-fold increase 
in average DNA yield.16 
The purpose of this thesis work is to determine conditions 
(described below) for trypsin to produce the highest DNA yield. The 
variables tested included concentration of trypsin ([trypsin]), 
concentration of semen ([semen]),  (plus/ minus) addition of ZyGEM 
Buffer BLUE, addition of trypsin and ZyGEM together or separately prior 
to the start of the thermal cycler program, reduction of final reaction 
volume, and digestion time of both enzymes.           
                                                                                                                                                                                                                                                                                                                                                                                                                                                  
1.2 Development of a Fluorescent Stain for Sperm Identification 
In the forensic laboratory it is often necessary to quickly and 
efficiently identify the presence of specific cell types, particularly that of 
spermatozoa. Microscopic identification of spermatozoa provides 
confirmation of the presence of semen and the evidence will be forwarded 
for DNA testing. Without visual confirmation there are additional 
immunological tests that can be utilized for the presence of seminal 
components. The seminal components utilized in testing include 
prostate-specific antigen (PSA) and seminal vessel-specific antigen (SVSA) 
which are found in high concentration within semen but in lower 
concentrations in other body fluids and tissues.20   
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Due to their shape and size, sperm can often become difficult to 
identify visually in the debris and e-cells that are present in many 
forensic samples. This is especially true if the sperm have lost their tails 
due to the age of the sample or degradation. Additionally, if the sperm 
are present in low concentrations, the debris within the sample will even 
further overshadow the cells. With any piece of evidence, sampling is an 
important variable to keep in mind. This is especially true when 
spermatozoa are present in low concentrations. Additionally, with sexual 
assaults, sample collection becomes difficult due to the many substrates 
the spermatozoa may be deposited on. Spermatozoa attachment to 
substrates can further impede their identification and localization due to 
fabric properties that prevent the release of the spermatozoa for 
visualization. To help combat the difficulty surrounding visual 
identification of spermatozoa, forensic laboratories utilize cytological 
staining and fluorescent staining techniques that assist in the detection 
of spermatozoa when mixed with other cells types and debris.  
 
1.2.1 Traditional Sperm Staining Techniques 
1.2.1.1 Christmas Tree/ H&E 
 The first of the visualization techniques are cytological stains. 
Many of these staining techniques utilize two different stains applied in 
succession. Of the many types of cytological staining techniques 
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available in laboratories, forensic laboratories use Christmas tree 
staining and Hematoxylin and Eosin (H&E) most frequently. Christmas 
tree staining also referred to as Kernechtrot-Picroindigocarmine (KPIC), 
uses nuclear fast red as the first stain and picroindigocarmine as the 
second stain. Nuclear fast red stains nuclear material pink/red while 
picroindigocarmine stains sperm tails and cytoplasmic material 
blue/green (Figure 4). H&E staining uses hematoxylin to stain the sperm 
heads and nuclear material purple and eosin to stain the cytoplasmic 
material and sperm tails pink (Figure 5).21 
 
Figure 4. Sperm and E-cell stained using KPIC. Nuclear material 
stains red and cytoplasmic material stains green. 
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Figure 5. Sperm and E-cell stained using H&E. Nuclear material stains 
purple while cytoplasmic material stains pink. 
 
H&E staining has colors that are more similar (purple and pink) as 
compared to the red and green of KPIC. Because of this color similarity it 
is sometimes easier to differentiate slides that have been stained with 
KPIC versus those that have been stained with H&E.22 It is also 
important to ensure that staining procedures do not inhibit any 
downstream processing including quantitation and amplification. A 
study in 2011 found that there was no statistical evidence that cells 
processed with H&E or KPIC showed downstream processing 
inhibition.21  
15 
1.2.1.2 Antibody labeling 
 In order to achieve a more specific stain, antibody labeling and 
probe procedures have been developed that stain cells of interest based 
on the binding of a fluorescently labeled antibody. These dye labeled 
antibodies are then subjected to excitation at a specific wavelength that 
produces an emission of fluorescent light at a lower wavelength. It is 
often important to be able to identify a specific cell type, disease state, or 
cellular defect using markers to visualize or demonstrate expression of 
specific genes.  
Paterson et. al. attempted to differentiate buccal and vaginal 
epithelial cells using cytokeratin, estrogen receptor-α and 
phosphodiesterase 5 to distinguish epithelial cells based on their location 
including skin, buccal, vaginal and external penile cells.23 Fluorescent in 
situ hybridization (FISH) is routinely practiced to differentiate male and 
female cells. Murray et. al, used FISH to differentiate male and female 
epithelial cells by targeting X and Y chromosome alpha satellite DNA 
sequences.24  
Physical separation of cells is also assisted with the use of 
fluorescence in the capacity of fluorescence activated cell sorting. Dean 
et. al sought to separate whole blood mixtures using human leukocyte 
antigen probes to generate short tandem repeat (STR) profiles.25 
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Within the forensic community it is important to decrease the 
backlog of sexual assault evidence kits. In order to do so, it is essential to 
create a means of identifying spermatozoa upon microscopic examination 
without having to scan an entire slide. An ideal method would be the 
development of a process in which only spermatozoa fluoresced upon 
excitation of a specified wavelength to the fluorescent probe attached. 
The development of the SPERM HY-LITER™ Kit worked to follow these 
criteria with the use of a fluorescently labeled human specific-antibody 
for spermatozoa localization.26 The kit uses an antibody with a 
fluorescent Alexa 488 dye that will cause the head of the sperm to 
fluoresce when used in conjunction with a fluorescein isothiocyanate 
filter. The non-sperm cell nuclei will fluoresce when using 4,6 diamidino-
2-phenylindole.26 The use of antibodies can be labor-intensive and time 
consuming, however, with many wash steps that may result in the loss of 
the sample. 
 
1.2.2 Spermiogenesis (Histones to Protamines) 
 Spermatogenesis, the process that forms haploid sperm cells, is 
divided into three phases, mitotic phase, meiotic phase, and a post-
meiotic phase. The final phase, post-meiotic, is also referred to as 
spermiogenesis. Within this phase, germ cells can be classified into three 
categories including early spermatids with round nuclei, intermediate 
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spermatids with elongating nuclei, and spermatids with condensed 
nuclei.27 During the maturation of spermatids to mature spermatozoa 
the cell utilizes a number of transition steps that gradually replace the 
somatic histones with protamines. Early in spermiogenesis testes-specific 
histones replace somatic histones. Testes-specific histones structurally 
differ from somatic histones in the N-terminal region, the core region, 
and the C-Terminal region.28 Additionally, the hyperacetylation of 
histones regulated by histone acetyl transferases and deacetylases assist 
the change from histone to protamine.28 This hyperacetylation interferes 
with DNA binding to the histones resulting in chromatin relaxation. 
Additionally, topoisomerases are activated that initiate strand breaks 
within the DNA that further open the chromatin.28 
Once the chromatin has relaxed, histones are replaced with 
transition proteins, primarily transition protein 1 (TP1) and transition 
protein (2). TP1 and TP2 are then replaced by P1 and P2. P1 and P2 
initiate a structural change within the chromatin packaging decreases 
the size of the chromatin 6-20 fold. 12,28,29 
Following the transition of histones to protamines the DNA within 
the sperm nucleus is now closely associated with the protamines. The 
arginine amino acids have a net positive charge which is tightly 
associated with the negatively charged DNA.3028 The cysteine amino acids 
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assist in compacting the structure due to their ability to create inter and 
intra-protamine disulfide bonds.28,30  
 
1.2.2.1 Protamines Labeling and Probe Chemistry 
 As mentioned above, human sperm have two protamines, P1 and 
P2 that are needed to maintain fertility.30,31 There are two models that 
describe the association of protamines to DNA. The first, described by 
Balhorn, shows P1 binding to the major groove of DNA, one protamine 
bound per turn of the DNA helix.32 P2 binds one zinc molecule per 
protamine to create zinc-finger domains. However, the current models do 
not agree with the conserved histidine and cysteine residues found 
within the structure. It may be that the use of P2 changes when the inter 
and intra-disulfide bonds form within the protamines.32 Another DNA-
protamine complex, discussed by Biegeleisen, suggests that the 
traditional DNA helical structure changes to a “straight ladder” 
structure.33,34 This straight ladder structure allows for a protamine β-
sheet to better associate with the DNA structure. Biegeleisen describes a 
unit cell containing a “P1-P2 dimer ionically bound to two DNA straight 
ladder duplexes”.35  
The cysteines present within the protamines have thiol groups that 
create disulfide bonds within or within and between each individual 
protamine.30 If the disulfide bonds can be reduced and subsequently 
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conjugated with a thiol labeled dye a more direct labeling procedure may 
be designed. Labeling of protamines may be achieved by permeabilizing 
the cell membrane, reducing the disulfide bonds, then introducing the 
thiol-reactive probe.36 The protocol for fluorescent labeling outlined by 
Mastroberardino et al. provides a model for the protocol provided later in 
the Materials and Methods section (2.3.2).36 
 An article by Schultz, described the use of digitonin and saponin, 
two mild nonionic detergents, which can be used to achieve cell 
permeabilization. They achieve permeabilization by attaching to 
cholesterol and unconjugated β-hydroxysterols.37 The addition of 
detergents and the permeabilization of the membrane will allow other 
agents into the cell to assist in the intracellular labeling of components 
within the nucleus.37  
Once the cell has become permeabilized a reducing agent can be 
added. The reducing agent that is generally used in differential 
extractions is DTT. There has been additional research on the use of tris-
(2-carboxylethyl)phosphine (TCEP) for the reduction of thiols.38 Of the 
two reducing agents, TCEP has been shown to not compete with thiol-
reacting compounds due to a lack of thiol groups within the structure of 
TCEP (Figure 6).39 Use of DTT requires removal of the compound from 
solution before additional thiol reactive compounds can be introduced 
due to the presence of the thiol groups found on DTT (Figure 7).40  
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Figure 6. The reduction of a disulfide bond using TCEP.39 
 
 
Figure 7. The reduction of a disulfide bond using DTT.41 
 
Following reduction of the disulfide bonds, a thiol reactive probe 
can be introduced. There are a plethora of thiol-reactive molecular 
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probes that excite and emit at different wavelengths.39 These probes can 
be excited by both visible and ultraviolet light and can be used for 
labeling proteins and nucleic acids, derivatizing low molecular weight 
molecules, and quantitating thiols.39 Commonly used reagents include 
iodoacetamides, maleimides, benzylic halides, and bromomethylketones. 
The reagent chosen was N-(7-dimethylamino-4-methylcoumarin-3-
yl)maleimide (DACM). DACM is a coumarin maleimides that absorbs light 
at 376 nanometers (nm) and emits lights at 465 nm (blue fluorescence). 
This reagent was chosen due to its non-fluorescence until thiol-bound 
and its relatively small molecular size (Figure 8) having a molecular 
weight of 298.3 g/mol.39  
 
Figure 8. DACM chemical structure.42 
The mechanism of binding of thiol reactive probes is that of S-
alkylation that generates stable thioether products (Figure 9).39 The 
sulfur within the thiols acts as a nucleophile and is added to the 
maleimide to create the thioether. Once the probe has been allowed to 
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incubate and bind to the thiol, it can then be subjected to ultraviolet (UV) 
light. The probe will emit blue light that can be seen using a fluorescent 
microscope.39 
 
Figure 9. Maleimide mechanism to create a stable thioether.39 
 The purpose of establishing the experimental protocol is to design 
a procedure that does not require the use of an antibody to fluorescently 
label sperm heads. This could theoretically decrease the time needed to 
detect and locate sperm found on sexual assault evidence and reduce the 
number of wash and transfer steps that accompany an antibody labeling 
protocol.43 
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2. MATERIALS AND METHODS 
2.1 Male DNA Samples 
Single source Human semen samples were purchased from 
Bioreclamation IVT (Hicksville, NY). Aliquoted samples of 20 µL were 
frozen at -20°C to avoid multiple freeze/ thaw steps. Two additional 
samples were purchased from Bioreclamation IVT. These samples had a 
sperm count of 11,000 sperm/µL and 18,000 sperm/µL respectively. The 
18,000 sperm/ µL sample was aliquoted in increments of 100 µL and 
both samples were frozen as described above. 
 
2.2 Extraction Optimization 
2.2.1 Trypsin/ZyGEM Extraction of Samples 
 The optimization of the Trypsin/ZyGEM extraction method 
occurred in seven experiments. Each experiment began with the dilution 
of neat semen in some amount of deionized (DI) water. Following this 
dilution, 10 µL of diluted semen was placed into a clean tube. Gibco® 
trypsin (Thermo Fisher Scientific Inc., Waltham, MA) was added at 
variable amounts with the appropriate amount of DI water in order to 
achieve the desired final enzyme concentration and the appropriate final 
reaction volume. In the early phases of the optimization process the 
tubes were then placed into a GeneAmp® PCR System 9700 thermal 
cycler (Applied Biosystems®, Foster City, CA) for a constant time at 37°C 
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to bring trypsin to its optimal temperature for enzyme activity. The 
sample was then vortexed every 10 minutes to ensure no settling had 
occurred. The temperature within the thermal cycler was then raised to 
70°C for 10 minutes to inactivate the trypsin.  
The program on the thermalcycler was then paused for the 
addition of the appropriate amount of ZyGEM master mix including 
ForensicGem, Buffer BLUE (ZyGEM, Hamilton, New Zealand), and DI 
water. The addition of this master mix brought the solution to the 
desired final volume and to allow the ZyGEM enzyme to “clean-up” any 
remaining trypsin activity and any undesired leftover contaminants that 
could inhibit downstream processing. The tubes were placed back into 
the thermalcycler to complete the program. The temperature was raised 
to 75°C for the desired time then to 95°C for 5 minutes to inactivate 
ZyGEM. The samples were then allowed to cool to 4°C before removal 
from the program. Samples were then stored at -20°C until quantitation.  
  
2.2.1.1 Trypsin/ZyGEM Optimization Experiment 1  
 The first change of the preliminary variables of the optimization 
process included varying the concentration of the trypsin enzyme. A 
consistent dilution of 1:80 was made using neat semen and DI water. 
The final trypsin concentrations ranged from 18.75 (18) milligrams (mg)/ 
milliliters (mL) – 0 mg/mL using a digestion volume of 40 µL (Table 1). 
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Samples were run in duplicate. Trypsin digest time was one hour at 
37°C, vortexed every ten minutes, and then heated to 70°C for 10 
minutes. The program was paused for the addition of the ZyGEM master 
mix: template shown in Table 2. To raise the final volume of the reaction 
to 100 µL, 60 µL of the master mix is added. The program was then 
resumed, heated to 75°C for 15 minutes, then to 95°C for 5 minutes.  
Table 1. Trypsin/ ZyGEM Optimization Experiment 1. This table 
shows the first set of enzyme concentrations tested with the appropriate 
volume of trypsin, water, and semen used to make a digestion volume of 
40 µL. 
Trypsin 
Volume (µL) 
DI Water 
Volume (µL) 
Trypsin 
Final Conc. 
(mg/mL) 
Semen 
Volume 
(µL) 
Digestion 
Volume  
(µL) 
30 0 18.75 (18) 10 40 
25 5 15.625 (15) 10 40 
20 10 12.5 (12) 10 40 
15 15 9.375 (9) 10 40 
10 20 6.25 (6) 10 40 
5 25 3.125 (3) 10 40 
2.5 27.5 1.5625 (2) 10 40 
1 29 0.625 (1) 10 40 
0 30 0 (0) 10 40 
 
Table 2. ZyGEM Master Mix Template. Template for making the 
ZyGEM master mix. 
Component Number of 
samples +2 
Volume per 
sample (µl) 
Total volume 
(µl) 
Buffer BLUE 
10X 
 10  
DI Water  49  
ZyGEM  1  
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2.2.1.2 Trypsin/ ZyGEM Optimization Experiment 2 
Experiment 2 continued varying the trypsin final concentration, six 
were chosen ranging from 12 mg/mL – 4 mg/mL (Table 3). Semen 
dilutions of 1:80 were made using neat semen and DI water. The trypsin 
digest times tested were 30 minutes, 60 minutes, and 90 minutes. Each 
trypsin concentration was run at each time interval and each set of 
conditions was run in duplicate. After the allotted trypsin digestion time, 
60 µL of ZyGEM master mix was added to bring the final reaction volume 
to 100 µL (Table 2).  
Table 3. Trypsin/ ZyGEM Optimization Experiment 2. Six 
concentrations were chosen to test with a change in trypsin extraction 
time. Each final concentration was tested for 30, 60, and 90 minutes and 
run in duplicate. Volumes of trypsin, water, and semen are given. 
Trypsin 
Volume (µL) 
Water 
Volume (µL) 
Trypsin Final 
Conc. 
(mg/mL) 
Semen 
Volume 
(µL) 
Digestion 
Volume 
(µL)  
20 10 12 10 40 
16 14 10 10 40 
13 17 8 10 40 
10 20 6 10 40 
7 23 4 10 40 
 
2.2.1.3 Trypsin/ZyGEM Optimization Experiment 3 
Experiment 3 added the inclusion of an additional variable, Buffer 
BLUE 10X addition. Semen dilutions of 1:80 were used testing four 
trypsin concentrations: 12, 10, 8, and 6 mg/mL (Table 4). Extraction 
times were 15, 30, and 60 minutes. The 60-minute extraction time 
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included testing each concentration with the addition of 4 µL of 10X 
Buffer BLUE alongside each trypsin concentration without buffer for 
comparison purposes of the changed condition from unbuffered water 
(Table 5). All samples were run in duplicate. Protocol proceeded as stated 
above. For all future experiments 4 µL of 10X Buffer Blue was added for 
all times and concentrations.  
Table 4. Trypsin/ ZyGEM Optimization Experiment 3. Six 
concentrations were chosen to test with a change in trypsin extraction 
time. Each final concentration was tested for 15, 30, and 60 minutes and 
run in duplicate. Volumes of trypsin, water, and semen are given. 
Trypsin 
Volume (µL) 
Water 
Volume (µL) 
Trypsin Final 
Conc. 
(mg/mL) 
Semen 
Volume 
(µL) 
Digestion 
Volume 
(µL)  
20 10 12 10 40 
16 14 10 10 40 
13 17 8 10 40 
10 20 6 10 40 
 
Table 5. Trypsin/ ZyGEM Optimization Experiment 3 10X Buffer 
BLUE Addition. To the 60 minute trial 4 µL of 10X Buffer BLUE was 
added to the reaction. Appropriate volumes of trypsin, DI water, buffer, 
and semen volumes are presented in the table. 
Trypsin 
Volume 
(µL) 
DI Water 
Volume 
(µL) 
Buffer 
BLUE 
10X (µL) 
Trypsin 
Final Conc. 
(mg/mL) 
Semen 
Volume 
(µL) 
Final 
Volume 
(µL) 
20 6 4 12 10 40 
16 10 4 10 10 40 
13 13 4 8 10 40 
10 16 4 6 10 40 
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2.2.1.4 Trypsin/ZyGEM Optimization Experiment 4 
 Semen dilutions of 1:100, 1:200, 1:400, and 1:800 were used 
testing trypsin final concentrations of 12 and 6 mg/mL were (Table 6). 
This experiment used 30-minute trypsin digestion time. The 1:100 semen 
dilution was used to test each trypsin concentration with the original 100 
µL final reaction alongside a reduced final reaction volume of 50 µl. The 
final reaction volume was reduced by changing the ZyGEM master mix 
volume to 9 µL of 1X Buffer BLUE and 1 µL of ZyGEM per sample (Table 
7). Additionally, four tubes were created for each semen dilution at each 
trypsin concentration for the 50 µL final reaction volume. Two tubes (Set 
A) were tested with the ZyGEM master mix added following trypsin 
digestion, the other two tubes (Set B) added the ZyGEM master mix prior 
to the placement of the tubes into the thermalcycler.  
Table 6. Trypsin/ ZyGEM Optimization Experiment 4. This table 
shows the final trypsin concentrations for experiment 4 with the 
appropriate volumes of DI water, Buffer BLUE 10X, and semen volume.  
Trypsin 
Volume 
(µL) 
DI Water 
Volume 
(µL) 
Buffer 
BLUE 
10X (µL) 
Trypsin 
Final 
Conc. 
(mg/mL) 
Semen 
Volume 
(µL) 
Digestion 
Volume 
(µL) 
20 6 4 12 10 40 
10 16 4 6 10 40 
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Table 7. ZyGEM Master Mix Volume Reduction. Future experiments 
were tested using a decreased reaction volume (50 µL). The volumes of 
components are included in the table. 
Component Number of 
samples +2 
Volume per 
sample (µL) 
Total volume 
(µL) 
Buffer BLUE 
1X 
 9  
ZyGEM  1  
 
2.2.1.5 Trypsin/ ZyGEM Optimization Experiment 5 
 Experiment 5 tested semen dilutions of 1:100 and 1:400 with 
trypsin final concentrations of 12 and 6 mg/mL (Table 6). Addition of 
both trypsin and ZyGEM master mix (Table 7) occurred prior to 
placement of samples into the thermalcycler with a final reaction volume 
of 50 µL.  Trypsin digestion time was tested at 30, 20, 10 and 5 minutes 
at 37°C. 
 
2.2.1.6 Trypsin/ ZyGEM Optimization Experiment 6 
Experiment 6 tested semen dilutions of 1:100 and 1:400 with 
trypsin final concentrations of 12 and 6 mg/mL (Table 6). Addition of 
both trypsin and ZyGEM master mix (Table 7) occurred prior to 
placement of samples into the thermalcycler with a final reaction volume 
of 50 µL.  Trypsin digestion time was tested at 30 minutes at 37°C. 
ZyGEM digestion time was tested at 15, 10, and 5 minutes at 75°C 
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2.2.1.7 Trypsin/ ZyGEM Optimization Experiment 7 
 The final experiment to test the optimized set of variables included 
a serial dilution (1:50, 1:100, 1:200, 1:400, 1:800, 1:1600, and 1:3200) 
testing the trypsin concentration 6 mg/mL, in a final reaction volume of 
50 µL (Table 8), with a trypsin digestion time of 15 minutes at 37°C, 
coupled with a ZyGEM extraction time of 15 minutes at 75°C. Trypsin 
and ZyGEM master mix (Table 7) were added prior to sample placement 
into the thermalcycler. 
Table 8. Trypsin/ ZyGEM Optimization Experiment 7. This table 
shows the final Trypsin concentration for experiment 7 providing 
appropriate volumes of Buffer BLUE 10X, DI water, and semen volume.  
Trypsin 
Volume 
(µL) 
DI Water 
Volume 
(µL) 
Buffer 
BLUE 
10X (µL) 
Trypsin 
Final 
Conc. 
(mg/mL) 
Semen 
Volume 
(µL) 
Digestion 
Volume 
(µL) 
10 16 4 6 10 40 
 
2.2.1.8 Review of Trypsin/ ZyGEM Optimization Experiments 
 The optimization of the trypsin/ ZyGEM semen extraction 
investigated the following variables: 
• Trypsin Concentration 
• Trypsin Digestion Time 
• ZyGEM Digestion Time 
• Semen Concentration 
• Buffer BLUE Addition 
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• Final Reaction Volume 
• Addition of Trypsin and ZyGEM prior to thermalcycler incubation 
Figure 10 shows a visual representation of starting conditions to the 
final optimized conditions with corresponding experiment numbers 
designated. 
 
 
Figure 10. Pyramid representation of optimized results. 
2.2.2 Quantification 
 All DNA extracts were quantified using Quantifiler® Duo DNA 
Quantification Kit (Applied Biosystems®, Foster City, CA), samples were 
prepared following the manufacturers procedure in the Quantifiler® Duo 
32 
DNA Quantification Kit User Manual. All samples were quantified using a 
7500 Real Time PCR System (Applied Biosystems®, Foster City, CA).44 
Exported data was analyzed using the statistical software JMP v. 11.2 
(SAS Institute, Cary, NC). 
 
2.2.3 Amplification 
 All extracted samples were amplified using the AmpFlSTR® 
Identifiler®(ID) Plus PCR Amplification Kit (Applied Biosystems®, Foster 
City, CA). The reactions were prepared following the AmpFlSTR® 
Identifiler® Plus PCR Amplification Kit User Manual.45 Desired target 
masses ranging from 1-0.02 ng were prepared by dilutions using tris-
ethylenediaminetetraacetic acid (TE) buffer (10 mM Tris, pH 8.0, and 0.1 
mM EDTA). The samples were amplified using a GeneAmp® PCR System 
9700 with a silver sample block (Applied Biosystems®, Foster City, CA) 
using the 28 cycle ID® Plus protocol.45 
 
2.2.4 Capillary Electrophoresis and DNA Profile Analysis 
 To prepare samples for capillary electrophoresis a master mix of 
0.5 µL/ sample GeneScan 600 LIZ Size Standard and 9.5 µL/sample Hi-
Di™ Formamide (Applied Biosystems ®, Foster City, CA). To the 10 µL of 
master mix in each well of the 96-well plate, 1 µL of sample was added. 
Allelic ladders were placed in every row in every other column (1A, 3B, 
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etc.) Amplified samples were injected for 5 and 10 seconds at 3 kilovolts 
(kV) on a 3130 Genetic Analyzer (Applied Biosystems®, Foster City, CA) 
using the polymer POP-4™ (Applied Biosystems®, Foster City, CA) and 
following the manufacturer’s protocol.45 Electropherogram data was 
analyzed using the GeneMapper® ID-X v1.1.1 software (Applied 
Biosystems®, Foster City, CA). Profiles were analyzed using an analytical 
threshold of 30 relative fluorescence units (RFU).  
 
2.3 Development of Protocol for Fluorescent Staining of Sperm 
2.3.1 Solution Preparation    
 Stock solutions required staining procedure were prepared as 
follows:  
• 50 µM Digitonin stock  
o 12.3 µL of 5% Digitonin (Thermo Fisher Scientific Inc., 
Waltham, MA) (MW of 1229.3 gram (g)/mole (mol)) 
o 9.987 mL of PBS pH 6.8 (TEKnova, Hollister, CA) 
• 25 mM tris(2-carboxyethyl)phosphine (Bond-Breaker™ TCEP) in 
Phosphate Buffered Saline (PBS) 
o 25 µL of 0.5 M TCEP (Thermo Fisher Scientific Inc., 
Waltham, MA) (MW 250.19 g/mol) 
o 475 µL PBS pH 6.8 
o TCEP was stored at 2-8°C 
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• 10 mM N-(7-Dimenthylamino-4-Methylcoumarin-3-yl))Maleimide 
(DACM), (Thermo Fisher Scientific Inc., Waltham, MA) [Molecular 
weight (MW) of 298.3 g)/mol].  
o 1.5 mg of DACM 
o 500 µL of Dimethyl Sulfoxide (DMSO) (Sigma-Aldrich, St. 
Louis, MO). 
Working solutions of Digitonin and DACM were prepared as 
follows: 
• 5 µM Digitonin  
o 50 µL of 50µM Digitonin stock solution  
o 450 µL of PBS pH 6.8  
o Digitonin was stored at 2-8°C 
• 0.5 mM DACM 
o 50 µL of DACM stock solution  
o 950 µL of 0.1 M Tris-Hydrochloride (Tris-HCl, Trizma® Base, 
Sigma-Aldrich, St. Louis, MO) pH 6.8  
o Kept in light-safe pouches 
o 500 µL aliquots stored were stored for a maximum of 1 
month at -20°C  
o Bring to room temperature for 1-hour prior to use  
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2.3.2 Staining Protocol 
Staining protocol was performed as follows: 
• 1:10 dilution was made using neat semen and DI water  
• Remove 20 µL from the dilution to 1.5 mL tube  
• Add 60 µL of PBS pH 6.8  
• Spin at 14,000 G for 5 minutes. Locate pellet, remove/ discard 
supernatant  
• Add 60 µL of 5 µM Digitonin and incubate for 10 minutes 
•  Spin at 14,000 G for 5 minutes. Locate pellet, remove/discard 
supernatant  
• Add 60 µL of PBS pH 6.8  
• Remove 40 µL total 
o 20 µL to TCEP negative-control tube  
§ Add 30 µL of PBS pH 6.8 was added.  
o 20 µL to TCEP positive tube 
§ Add 30 µL of 25 mM TCEP  
• Incubate for 20 minutes at room temperature  
• Spin at 14,000 G for 5 minutes. Locate pellet, remove/ discard 
supernatant  
• Add 50 µL of DACM solution  
• Incubate for one hour  
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• Place on a slide for fluorescent examination  
Where supernatant is removed and discarded, 5 µL was placed on 
a slide for viewing under bright phase microscopy. Microscopy was 
performed using a Nikon® Eclipse TE2000-S (Nikon Instruments Inc., 
Melville, NY) to check for presence and morphology of sperm using the 
MMI CellCut Plus® software (Molecular Machine & Industries AG, 
Glattbrugg, Switzerland). 
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3. RESULTS AND DISCUSSION 
3.1 Process Optimization 
 Optimization of any technique requires investigation of all potential 
variables that may affect the outcome of the process. For the 
optimization of a dual enzyme technique for the extraction of semen, the 
variables in question were the enzyme concentrations, substrate 
concentration, time and conditions of enzyme activity for both trypsin 
and ZyGEM, the separate or simultaneous addition of the two proteases, 
use of Buffer BLUE during trypsin digestion, and reaction volume.  
 The first variable explored was that of the trypsin concentration. 
The starting concentration of 18 mg/mL determined by previous 
experiments19 had indicated that a decrease in trypsin showed a 
corresponding decrease in DNA yield following quantification.  
 
3.1.1 Trypsin/ ZyGEM Optimization Experiment 1 
The first experiment tested nine concentrations of trypsin ranging 
from 1 mg/mL to 18 mg/mL and included a negative control with no 
trypsin added (Table 1). Each concentration of trypsin was run in 
duplicate then these samples were quantified in duplicate, resulting in 
four data points per trypsin concentration. This experiment was then 
repeated to ensure results were reproducible.  
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Figure 11 shows the average of eight data points. Overall, it 
appears that at the highest concentration of trypsin the maximum yield 
is elusive. As expected, the lower trypsin concentrations (0 mg/mL- 3 
mg/mL) showed low mean DNA yield concentrations ranging between 
0.124 ng/µL- 0.007 ng/µL; however, with increased trypsin 
concentrations from 6-12 mg/mL there was an increased DNA yield with 
concentrations ranging from 0.244 ng/µL for 6 mg/mL trypsin to 0.206 
ng/µL for 12 mg/mL trypsin. The highest concentrations of trypsin, 15 
and 18 mg/mL showed a decrease in DNA yield with mean DNA 
concentrations of 0.146 ng/µL and 0.144 ng/µL respectively.  
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Figure 11. Trypsin/ZyGEM Optimization Experiment 1. Mean human 
DNA concentration in ng/µL plotted versus trypsin concentration in 
mg/mL. Error bars included represent one standard deviation from the 
mean. 
 
Experiment 1 results indicate that at greater trypsin 
concentrations, the DNA yield decreases; this is seen with trypsin 
concentrations above 12 mg/mL. Trypsin concentrations in the mid-
range tested for this experiment show the largest DNA yield (6-12 
mg/mL). Below 6 mg/mL the DNA yield is significantly less indicating 
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there is a range of concentrations at which trypsin works consistently. 
Previous experiments on trypsin concentration and DNA yield have 
shown that the greatest trypsin concentration have produced the greatest 
DNA yield.19 However, the results described here indicate that at higher 
concentrations trypsin is not functioning efficiently and is not capable of 
digesting protein at the rate of the lower concentrations. Due to the 
protease activity of trypsin, it is capable of autolysis, or self-digestion, 
which may break the protease apart until it is incapable of enzymatic 
activity.15 When trypsin concentrations are increased above 12 mg/mL it 
is possible that autolysis activity is causing trypsin to self-digest, instead 
of digesting the sperm protamines that would result in DNA extraction. 
Another possibility is that at the highest trypsin concentrations, some 
trypsin remained following ZyGEM digestion, resulting in interference 
with downstream testing. Ultimately, trypsin concentration was shown to 
be sensitive to either extreme of the plateau, once within the range at 
which trypsin is most efficient, DNA yield increases significantly.  
 
3.1.2 Trypsin/ ZyGEM Optimization Experiment 2 
The next step was to introduce time variations. Using six trypsin 
concentrations (4, 6, 8, 10, and 12 mg/mL) digest times were varied from 
30, 60 and 90 minutes. Each concentration was tested at each time point 
and the resulting DNA solutions were quantified in duplicate. Figure 12 
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shows the mean DNA concentrations for each digest time vs. the 
concentration of trypsin. These results indicate that DNA yield does not 
increase significantly with increasing trypsin digest time. Looking at the 
lowest trypsin concentration (4 mg/ml), a larger amount of DNA is 
obtained at the 90-minutes extraction time; however, the standard 
deviation of this sample encompasses the DNA amounts obtained at the 
shorter digest times. This may be an indication in the variability of DNA 
quantification or the result of a pipetting/ sampling error. 
 
Figure 12. Trypsin/ZyGEM Optimization Experiment 2. Trypsin 
concentrations of 4, 6, 8, 10, and 12 mg/mL are plotted against the 
mean human DNA concentration at three time points with error bars 
representing one standard deviation from the mean. 
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3.1.3 Trypsin/ ZyGEM Optimization Experiment 3 
The third experimental parameter, the addition of Buffer BLUE, 
used 6, 8, 10, and 12 mg/mL trypsin concentrations and digest times of 
15, 30, and 60 minutes. Buffer BLUE was added in half of the samples 
while the other half were treated using the initial master mix of DI water 
and trypsin. Both sets of samples were then treated with each trypsin 
concentration at each time period. Each sample condition was digested 
then quantified in duplicate, resulting in four data points. All trypsin 
concentrations showed similar yields at a given time point (Figure 13). 
Figure 14 shows the mean DNA concentrations for each digest time vs. 
the concentration of trypsin.  
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Figure 13. Trypsin/ ZyGEM Optimization Experiment 3. Mean 
human DNA concentration is plotted again trypsin in mg/mL with a look 
at 15, 30, and 60 minutes time intervals. Errors bars represent one 
standard deviation from the mean. 
 
For all future experiments, Buffer BLUE was added to the trypsin 
digestion solution, changing the solution from an unbuffered water 
solution. It did not appear to make a significant difference in DNA yield, 
but the addition of buffer also did not appear to negatively affect the 
extraction. An additional benefit is that the ZyGEM master mix requires 
the addition of Buffer Blue for the ZyGEM extraction and with this 
change there is no need for buffer to be added post trypsin digestion. 
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This also provides an opportunity to examine addition of both trypsin 
and ZyGEM prior to 37°C incubation.  
 
3.1.4 Trypsin/ ZyGEM Optimization Experiment 4 
The next experiment incorporated variation in semen (i.e. sperm) 
concentration. All previous experiments had used a semen dilution of 
1:80 diluted using neat semen and DI water. This experiment 
incorporated 1:100, 1:200, 1:400, and 1:800 dilutions of semen using DI 
water treated with trypsin concentration of 6 and 12 mg/mL with a 
trypsin digestion time of 30 minutes. For this experiment two sets of 
tubes were prepared, the first added ZyGEM after trypsin incubation in 
the thermalcycler, the second added ZyGEM prior to placement into the 
thermalcycler. These samples was run in duplicate then quantified in 
duplicate. The graph below shows the results of this experiment (Figure 
14). Additionally, eight tubes, all 1:100 semen dilution, four for 12 
mg/mL trypsin concentration and four tubes for 6 mg/mL trypsin 
concentration were prepared. Two tubes for each concentration had a 
final reaction volume of 50 µL, the other two tubes had a final reaction 
volume of 100 µL (Figure 15). 
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Figure 14. Trypsin/ZyGEM Optimization Experiment 4 Addition of 
Enzymes. Dilutions are plotted with mean human DNA in ng/µL vs. 
semen dilutions. Error bars represent one standard deviation from the 
mean. 
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Figure 15. Trypsin/ZyGEM Optimization Experiment 4 Volume of 
Reaction. 
 
 The results from the experiment also looked at the addition of the 
enzymes before placement into the thermalcycler. Despite concern that 
the addition of ZyGEM and trypsin together could cause the digestion of 
ZyGEM, by trypsin, before it has reached its optimum temperature due 
to the activation of trypsin46 the simultaneous addition showed no 
difference, and as such was introduced as a standard into the protocol. 
Additionally, the volume of the final reaction was reduced to 50 µL from 
the initial 100 µL. This decrease in volume showed an increase in yield; 
however, this could be due to a smaller volume with the same amount of 
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cells. For the rest of the experiments 50 µL was used for the final 
reaction volume.  
 
3.1.5 Trypsin/ZyGEM Optimization Experiment 5 
 The next variable explored was an additional reduction in trypsin 
digestion time. This experiment tested 6 and 12 mg/mL at 1:100 and 
1:400 semen dilutions with trypsin digest times of 5, 10, 20, and 30 
minutes. This experiment was performed using a new sperm donor, due 
to the depletion of the previous sample. Each sample digest combination 
was extracted in duplicate and then quantified in duplicate. The graph 
below shows the results of the experiment (Figure 16 and Figure 17). 
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Figure 16. Trypsin/ ZyGEM Optimization Experiment 5 Semen 
Dilution 1:100. Error bars represent one standard deviation from the 
mean. 
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Figure 17. Trypsin/ ZyGEM Optimization Experiment 5 Semen 
Dilution 1:400. Error bars represent one standard deviation from the 
mean. 
 
The DNA yields for the 1:100 and 1:400 dilutions in this 
experiment were greater than experiment 4 that also used a 1:100 and 
1:400 dilution. This increase in yield may be due to the use of a new 
donor for extraction procedures. It is possible that the new donor had a 
higher sperm count, resulting in a greater DNA yield. An additional 
explanation for the increase in yield could be the age of the samples. The 
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sample (Sample A) used previously (for experiments 1-4) were over a year 
old and subject to several freeze/thaw cycles, the sample (Sample B) for 
experiment 5 was a donor that had been sent with the original donor but 
had remained un-aliquoted and completely frozen through the use of 
Sample A and was therefore not subject to a similar number of 
freeze/thaw cycles.  
 
3.1.6 Trypsin/ ZyGEM Optimization Experiment 6 
ZyGEM digest time was also tested. Using the same parameters 
described for experiment, this experiment varied the ZyGEM digestion 
time to 5, 10, and 15 minutes, trypsin digestion time was kept constant 
for 30 minutes. The graph below shows the results of this experiment 
(Figure 18).  
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Figure 18. Trypsin/ZyGEM Optimization Experiment 6. Mean human 
DNA in ng/µL was plotted vs. ZyGEM time in minutes (5, 10, and 15). 
Error bars represent one standard deviation from the mean. 
 
 As shown in Figure 18, there is little difference between the ZyGEM 
digest time and DNA yield. ZyGEM digest time was kept at 15 minutes. 
 
3.1.7 Trypsin/ ZyGEM Optimization Experiment 7 
The final experiment was the compilation of results for all final 
variables performed on a serial dilution. These variables included 
simultaneous addition of trypsin and ZyGEM, the use of Buffer BLUE, a 
15-minute trypsin digest time, a 15-minute ZyGEM digest time, 50 µL 
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final reaction volume, and a final trypsin concentration of 6 mg/mL. The 
graph below shows the results for this experiment (Figure 19).  
 
Figure 19. Trypsin/ ZyGEM Optimization Experiment 7. Mean DNA 
yields per replicate for 1:50, 1:100, 1:200, 1:400, 1:800, 1:1600, and 
1:3200 semen dilutions. Semen dilutions are represented as 1 (1:50), 2 
(1:100), 3 (1:200), 4 (1:400), 5 (1:800), 6 (1:1600), and 7 (1:3200) 
 
 
3.1.8 DNA Profiles 
 Following DNA quantification, it is important for extraction 
methods to amplify and produce full STR profiles. The amplified samples 
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were those from experiment 7 that included semen dilutions of 1:50, 
1:100, 1:200, 1:400, 1:800, 1:1600, and 1:3200. Figure 20 shows the 
STR profile of the 1:400 serial dilution which targeted 0.5 ng of DNA and 
was injected for 5 sec. Peak height ratios for this profile ranged from 
0.99-0.65. The figure provides both the allele call and the height in RFU. 
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Figure 20. STR Profile of 1:400 Semen Dilution with 0.5 ng target 
DNA. 
 
 A second profile was created for a 1:3200 dilution with a 0.02 ng 
target DNA (Figure 21). This profile was injected for 10 seconds and 
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exhibits a single locus dropout with allele dropout prevalent through the 
profile. The peak height ratios for these samples ranged from 0.93-0.56. 
 
Figure 21. STR Profile of 1:3200 Semen Dilution with 0.02 ng target 
DNA. 
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3.2 Sperm Protamine Fluorescence 
 The results of the fluorescent project are still being determined. 
Over the course of developing a protocol and attempting the novel 
labeling procedure, there were many pitfalls to overcome. A pellet can be 
seen after each step until the addition of the DACM solution. 
Additionally, following the removal of small amounts following each 
volume addition it is clear that the number of sperm present, using only 
bright phase microscopy for detection, is decreasing after each mixing 
step. Due to the conditions under which the sperm are being subjected, 
both a permeabilizing agent (Digitonin) and a reducing agent (TCEP), it is 
likely that the spermatozoa are becoming more fragile as the experiment 
proceeds. 
 The present goal of the research is to discover a way to have a 
reproducible spin down protocol where a relatively constant number of 
spermatozoa can be viewed following each mixing step until the addition 
of the DACM solution. If the sperm heads become over permeabilized or 
over reduced, the cell may lyse causing the cells to no longer contain the 
protamines required to cause the fluorescence. The first step in 
qualifying this protocol as a successful one is to understand how and 
where the pitfalls are occurring.  
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4. CONCLUSIONS AND FUTURE WORK 
 The optimization of the trypsin/ZyGEM extraction technique has 
been greatly improved. When the optimization began, the trypsin 
extraction alone was 60-minutes with vortexes required every 10 
minutes. This time has confidently been reduced to 15 minutes without 
the need for vortexing. Another factor to increase the ease of the protocol 
includes the introduction of the simultaneous addition of both enzymes 
before introduction into the thermalcycler. This reduced the time in 
which an analyst must wait for the program to run. From the results 
presented, both enzymes can be introduced into the sample in a single, 
concise experiment, as opposed to stopping the thermalcycler halfway 
through the run, then adding the ZyGEM master mix.  
Moving forward with the trypsin/ZyGEM extraction, a full 
differential must be attempted and completed successfully. Additionally, 
this method should be tested and validated in other labs before it can be 
properly implemented into the forensic laboratory for casework. The first 
step in the completion of this project is to understand how and when the 
sperm heads become reduced enough to lyse either spontaneously or 
under harsh vortexing conditions. Once the proper handling of the tube 
with the reducing agent is mastered, trouble shooting of probe 
attachment and microscope handling can be studied. This project will be 
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continued by another student to continue investigation of this promising 
technique.  
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